Estimating the prevalence of persistent vegetative state (PVS) following severe traumatic brain injury (sTBI) and its change over time is important for the study of the disease. OBJECTIVE: To estimate the prevalence of PVS at six months after sTBI and its trend over the past four decades, and to explore the effect of demographic data, such as age and sex, on the prevalence of PVS. METHOD: Observational studies presenting the prevalence of PVS or the number of patients with PVS at six months after sTBI were included in the analysis. The overall prevalence and prevalence within pre-defined time intervals were calculated and meta-regression analysis was performed to assess the effect of age, gender, and time on the prevalence. RESULTS: Twenty articles reporting 21 cohort studies were included. The overall prevalence of PVS at six months after injury was 2.77% (95% CI 0.0204-0.0375). There was no statistically significant trend towards time (P = 0.77). And we found no differences in prevalence according to age (P = 0.68) and gender (P = 0.57). CONCLUSIONS: Prevalence of PVS at six months after sTBI has no significant change over the past four decades. Age and gender do not seem to have a significant effect on the prevalence.
Introduction
An estimated 10 million people have traumatic brain injury (TBI), and 2% of the population in the United States lives with a TBI-related disability (Le Roux, 2013) . Furthermore, TBI will surpass all other diseases and become the leading cause of death and disability by 2020 (Humphreys, Wood, Phillips, & Macey, 2013) . Some survivors of severe traumatic brain injury (sTBI) fail to fully recover self and environmental awareness despite awaking from acute coma. The term persistent vegetative state (PVS) is applied when the vegetative state (VS) lasts for at least 1 month. An estimated 10,000 to 25,000 adults and 4,000 to 10,000 children are in a PVS in the United States (PVS, 1994) .
PVS is the worst outcome besides death in patients with sTBI. The prognosis for PVS is generally poor, not only because of the substantially shortened life expectancy (2 to 5 years for most patients; survival beyond 10 years is unusual (PVS, 1994) ), but also because of the patients' living conditions, which seriously affect the lives of these patients and their relatives and place a considerable burden on society.
The pace of research on sTBI and PVS has advanced rapidly over the past few decades, with more therapeutic measures being applied in the management of TBI and many studies reporting prevalence of PVS after sTBI. However, the reported prevalence varies and long-term report based on large cohort is scarce. Estimating the prevalence of PVS following sTBI and its change over time is important for patients' families and health practioner in the study of the disease. In this meta-analysis, we aim to estimate the prevalence of PVS at six months after sTBI and its trend over the past four decades, and to explore the effect of demographic data, such as age and sex, on the prevalence of PVS.
Method
Our study was reported out according to the MOOSE Reporting instrument (Stroup et al., 2000) . The protocol was registered in International Prospective Register of Systematic Reviews (PROSPERO) database under registration number CRD42015025802.
Search strategy
The search strategy was developed under the consensus of all the investigators. Medline, EMBASE, SCOPUS, and the Cochrane database were searched using a combination of the following terms: brain injury, head injury, TBI, vegetative state, PVS, unresponsive wakefulness syndrome, UWS. We applied no language restrictions and we included both cohort studies and hospital databanks. The reference lists of initially included studies and review articles were searched manually to identify additional relevant reports. The search was carried out in April 2016.
Eligibility criteria
Observational studies presenting the prevalence of PVS or the number of patients with PVS at six months after sTBI were included in the analysis. Studies that included only single case reports were excluded. Two investigators independently reviewed the titles and abstracts and eligible studies based on study characteristics and clinical relevance. And any conflicts were adjudicated by a third investigator.
Quality assessment
The Agency for Healthcare Research and Quality (AHRQ) elaborated and validated a checklist for observational studies (Sanderson, Tatt, & Higgins, 2007; Zeng et al., 2015) . Therefore the AHRQ quality assessment was applied to all the included articles. Two reviewers assessed each included study independently and scored each item with "yes", "no" and "unclear". Any disagreement was resolved by consulting with a third reviewer ( Table 2) .
Data extraction
The following information was extracted: year of publication, first author, number of centers, country, time period, median year, number of patients with sTBI, age limits, mean age, proportion of males, number of followed up patients, and prevalence of PVS.
Data were extracted from eligible studies by two investigators acting independently and any disagreement was resolved by consulting with a third reviewer. When needed, we contacted the original author for clarification.
Data analysis
Prevalence was extracted or calculated using the number of PVS and follow-up patients. Log transformation was performed on the percentage of PVS prevalence prior to calculation, which was then back-transformed for interpretation. Publication bias was assessed using Egger's test of the correlation between effect sizes and their variances. Statistical heterogeneity was assessed using the I2 statistic; I2>50% indicated heterogeneity between studies. A random effects meta-analysis was used to estimate the combined PVS prevalence; otherwise, fixed effects models were used.
Based on the mid-time follow-up of patients in the included studies, we pre-defined four time periods to assess the change in PVS prevalence over the past four decades : before 1980, 1980-1990, 1990-2000, and after 2000 . A potential change in the prevalence of PVS at six months after sTBI towards time was tested by performing meta-regression analysis with the median year of the study and log-prevalence as outcome. Effect of age and gender on the prevalence was assessed using meta-regression as well.
Subgroup analysis was performed to check whether the location and the number of center influenced the pooled prevalence. In order to determine the robustness of the combined prevalence, sensitivity analysis was performed by removing one study.
All analyses were performed using R version 3.2.2 software.
Result
Our search identified 4595 articles. After 2324 duplications removed, 1930 additional articles were excluded on the basis of their titles or abstracts, resulting in the full text of 341 articles being examined. Finally, 20 articles reporting 21 cohort studies were included in the present analysis (Andriessen et al., 2011; Fearnside, Cook, McDougall, & McNeil, 1993; Foulkes, Eisenberg, Jane, Marmarou, & Marshall, 1991; Gomez et al., 2000; Heiden, Small, Caton, Weiss, & Kurze, 1983; Jourdan et al., 2013; Judson, Cant, & Shaw, 1990; Lannoo et al., 2000; Mamelak, Pitts, & Damron, 1996; ; L. S. Myburgh et al., 2008; Nordstrom, Messeter, Sundbarg, & Wahlander, 1989; Pang et al., 2007; Petroni et al., 2010; Rusnak, Janciak, Majdan, Wilbacher, & Mauritz, 2007; Selladurai, Jayakumar, Tan, & Low, 1992; Stranjalis et al., 2008; Turazzi, Bricolo, & Pasut, 1984; Turazzi, Bricolo, Pasut, & Formenton, 1987) . A flow diagram of the selection process is presented in Fig. 1 . These articles representing a total sample of 12,263 patients with sTBI and a total of 332 cases of PVS over a period of 41 years from 1968 to 2009. Mean age was described in 15 articles and gender in 17. A summary of the characteristics of the studies is presented in Table 1 .
Of the studies included in this analysis, three were performed before 1980 in 4191 patients, six were from 1980 to 1990 in 3478 patients, five from 1990 to 2000 in 1975 patients, and seven after 2000 in 2619 patients. The overall PVS prevalence at six months after TBI before 1980 was 2.10% (95% CI 0.0170-0.0258), which increased to 2.10% (95% CI 0.0170-0.0258) during the 1980s. During the 1990s, the prevalence was 3.42% (95% CI 0.0204-0.0574), and decreased to 2.44% (95% CI 0.0127-0.0469) after 2000 (Fig. 2) . When results from all 21 studies were pooled, the overall combined prevalence Table 1 Studies included in the analysis was 2.77% (95% CI 0.0204-0.0375) (Fig. 3) . There was no statistically significant trend towards time (P = 0.77). And we found no differences in prevalence according to age (P = 0.68) and gender (P = 0.57). Meta-regression analysis showed a trend of a slight increase in PVS prevalence over time, but it was far Table 2 AHRQ* quality assessment criteria for observational studies 1 2 3 4 5 6 7 8 9 10 11 Turazzi et al., 1984 Y www.effectivehealthcare.ahrq.gov. 1. Defined the source of information (survey, record review). 2. Listed inclusion and exclusion criteria for exposed and unexposed subjects or refer to previous publications. 3. Indicated time period used for identifying patients. 4. Indicated whether or not subjects were consecutive if not population-based. 5. Indicated if evaluators of subjective which incomplete data or follow-up was obtained. 6. Described any assessments undertaken for quality assurance purposes (e.g., test/retest of primary outcome measurements). 7. Explained any patient exclusions from analysis. 8. Described how confounding was assessed and/or controlled. 9. If applicable, explained how missing data were handled in the analysis. 10. Summarized patient response rates and Y completeness of data collection. 11. Clarified what follow-up, if any, was NA expected and the percentage of patients for which incomplete data or follow-up was obtained. from significant (P = 0.77). And we found no differences in prevalence according to age (P = 0.68) and gender (P = 0.57). Egger's test indicated that a publication bias did not exist (P = 0.06).
Given the large heterogeneity between the studies, subgroup analysis was performed, and the results are shown in Table 3 . Sensitivity analysis was carried out to exclude a single study and calculated the pooled prevalence for remaining studies, and omission of each study did not have a significant impact on the merged value of prevalence.
Discussion
TBI results in mechanical damage to the central nervous system and generates a kind of secondary insult. TBI is currently one of the causes of severe functional nervous damage. In China, the rate of unfavorable outcome after TBI has been reported to be as high as 50% (Jiang, 2013) , which indicates a need to focus on the nervous function of patients who survive after TBI while attempting to reduce the mortality rate.
Vegetative state, also known as unresponsive wakefulness syndrome (UWS) (Laureys et al., 2010) , was first proposed by Jennet and Plum to describe the condition of a group of patients with severe brain injury who awoke from coma but still lacked detectable awareness (McCauley et al., 2013) .
The Multi-Society Task Force on Vegetative State defined VS as a condition in which awareness of the self and environment is completely lacking but sleep-wake cycles exist and hypothalamic/brain stem autonomic functions are fully or partly preserved. In VS, there is also no evidence of sustained, reproducible, purposeful, or voluntary behavioral responses to visual, auditory, tactile, or noxious stimuli. Language comprehension or expression in is also scarce in such patients, with bowel and bladder incontinence and variable preservation of cranial nerve and spinal reflexes.
VS is one of the unfavorable outcomes of sTBI. A patient with sTBI enters VS if wakefulness and circadian rhythms are preserved but self-perception and awareness of the environment is severely damaged (PVS, 1994) . The lives of patients in a PVS rely on artificial nutrition and hydration. Thus, the life expectancy of these patients depends, to some extent, on the attitude of the family and clinicians. Of course, all life has value, but whether it is in the patient's best interest to continue living or an assault on the patient's dignity is in question. Obviously, PVS is not only a problem of medical treatment, but also an ethical and legal issue. A comprehensive review of the prevalence of PVS is the basis for estimating and analyzing the outcome of PVS more accurately. Thus, we conducted a meta-analysis exploring the prevalence of PVS at six months after onset in sTBI patients over the past 40 years.
The studies included in this analysis indicated a wide range of PVS prevalence at six months after sTBI, from 0.52% to 7.33%. The highest prevalence was in Kelantan, Malaysia (Selladurai et al., 1992) . The study period was 1989-1991. In that study, 8 of 109 patients were in a PVS at six months after onset. In contrast, the lowest prevalence was in Paris, France (Jourdan et al., 2013) . The study period was [2005] [2006] [2007] . In that study, only 2 of 381 patients were in a PVS at six months after injury. The location variance and large span of time may contribute to the broad distribution of the prevalence.
Location
The prevalence of PVS varies between different countries and different regions within the same country. The included studies were mostly from America and Europe; of 21 studies, 11 were from Europe, 3 from the United States, and 1 was carried out in both. Only two studies were from Asia (7.33% from Kelantan, Malaysia and 6.60% from Singapore) (Pang et al., 2007; Selladurai et al., 1992) and one from Latin America (0.68% from Rosario, Argentina) (Petroni et al., 2010) . No study has reported the prevalence in Africa. Only 2 of the 21 studies were from developing countries (7.33% from Kelantan, Malaysia and 0.68% from Rosario, Argentina) (Petroni et al., 2010; Selladurai et al., 1992) The overall prevalence in developing countries is 6.3%, which is higher than the overall prevalence of 2.8% in developed countries. The quality and availability of emergency and intensive care services differs among different regions. Patients with sTBI, compared to patients with mild or moderate injury, are more prone to entering PVS. In places with advanced emergency and intensive care services, such patients are more likely to live to their sixth month after injury. In contrast, more sTBI patients die in a short period of time in regions with poor medical resources. Therefore, the prevalence of PVS is higher in regions with advanced emergency and intensive care services than in areas with poor medical conditions.
Moreover, a country's policies towards end-of-life patients, ethics, and cultural atmosphere influence relatives' attitudes and decisions. The Netherlands is the first country in the world to permit euthanasia; it is legal in this country to withdraw life-sustaining medical treatment, artificial nutrition, and hydration in patients in PVS when there is little possibility of them recovering consciousness (Gevers, 2005) . Therefore, fewer PVS patient's can be supported to the sixth month. In contrast, most Asians will not give up medical treatment of their relatives if it is economically viable. This difference may contribute to the fact that studies from the Netherlands report a lower prevalence of PVS and that the two studies from Asian countries reported a higher prevalence of PVS.
Time
The included studies cover 36 years. We analyzed the prevalence of PVS according to four artificially divided time periods. Prevalence differs among time periods; the prevalence increased over time except for a slight decrease in the time period after 2000. This trend may be explained as follows. First, an aging population and increase in chronic health conditions over time is a worldwide phenomenon. Older age is associated with a worse outcome in patients with sTBI (Braakman, Jennett, & Minderhoud, 1988; Hukkelhoven et al., 2003; Perel et al., 2008; Perel, Edwards, Wentz, & Roberts, 2006; Steyerberg et al., 2008 ) Second, with emergency and intensive care services improving over time, standardized guidelines being implemented, and rehabilitation medicine advancing, more patients who suffer sTBI have survived and fewer patients who were diagnosed with a PVS die before six months from onset. In addition, there is a high rate of misdiagnosis of VS; MCS patients exhibit discernible behavioral evidence of consciousness but fail to reproduce this behavior consistently, leading to misdiagnosis of a VS in some cases (Andrews, Murphy, Munday, & Littlewood, 1996; Childs, Mercer, & Childs, 1993) . No diagnosis criterion for MCS was available until Giacino et al. proposed one in 2002 (Giacino et al., 2002 , which may help explain the slight decline in the prevalence after 2000.
Age and sex
In multiple meta-regression analysis, we found no correlation between mean age or gender composition and the prevalence of PVS at six months after injury. The prevalence of PVS at six months after onset may be irrelevant to age and gender in the included studies, but no study has reported the effect of age and sex on the prevalence of PVS. Age probably has an impact on the outcome of TBI because it is an important factor in some models predicting the prognosis after TBI (Boyd, Tolson, & Copes, 1987; Murray et al., 2007; Perel et al., 2008) Thus, the reason for the negative result may be that the number of included studies is limited, and most of the studies have a similar mean age (27-49.3 years) and gender composition (0.698-0.818). These factors make it less likely that a significant result can be drawn from the multiple meta-regression analysis.
The prevalence of diseases forms the basis for clinicians determining their impact. In order to make treatment plans, research the mechanism, and develop policies for the disease, the number of patients it affects needs to be known. VS is often thought of as 'a fate worse than death', (Jennett, 1976) and the economic impact of it is enormous, which makes the study of the prevalence of PVS necessary. To the best of our knowledge, no study has previously evaluated the prevalence of PVS at six months after onset among a large population.
However, our study has some limitations. First, the included articles were observational studies, which have potential risk of biases and none of them complying all AHRQ items related to risk of bias. Second, the limitations of behavioral assessment techniques for the diagnosis of VS influence the accuracy of the PVS prevalence reported in the included studies (Giacino et al., 2009) . A diagnostic criterion for MCS did not exist until 2002, which may make the prevalence reported in studies before 2002 higher the actual prevalence. Third, all included studies are in English, despite not restricting the language in our search strategy. Most of the included studies are from America and Europe, with none from Africa and only two from developing countries and thus limits the generalizability of our findings to other contexts.
In conclusion, the overall prevalence of PVS at six months after onset over the past four decades is 2.9% (95% CI 0.021-0.040). There has been a trend of a slight increase in PVS prevalence over time, but it is far from significant. Age and gender do not seem to have a significant effect on the prevalence.
Further studies are needed to assess the prevalence of PVS at six months after onset with recently available emergency aid and intensive care therapies.
